Abstract. Numerous microorganisms may be present in the water distribution system. This is associated with the imperfection of purification processes, or secondary water pollution. Not only it results in the deterioration of water quality parameters, but it also increases threat of epidemiological problems. The water that is biologically unstable creates ideal conditions for colonization of the microorganisms to the inner surface of pipelines which may form biofilm. The key issue, enabling prevention and control of the impact of the development of biofilms, is to assess the biodiversity of microbiocenosis. In order to obtain comprehensive characteristics of microorganisms communities on a particular substrate, it is necessary to combine several techniques. Further analysis using molecular biology methods are usually after traditional methods of assessing the microbiological quality of water. Standard methods do not reflect the actual species composition, because they are targeted at the bacteria that can be isolated and cultured in the laboratory. Conventional methods are capable of detecting less than 10% of the organisms in the sample. In order to study the biodiversity of organisms inhabiting a biofilm (apart from the conventional methods) analyses of the diversity of nucleic acids should be used. The first method could be the polymerase chain reaction (PCR) and denaturing gradient gel electrophoresis (DGGE). Another way may be fluorescence in situ hybridization, which allows to detect determined DNA sequence using specially labeled oligonucleotide probes. Visualization of the material is performed using a fluorescence microscope. The main purpose of this article is to present rapid and precise identification groups of microorganisms in their natural habitat in biofilm using fluorescent in situ hybridization method (FISH) . FISH method can be successfully used to visualize these microorganisms, which show difficulties in culturing, as well as to provide knowledge on the phylogenetic structure in different habitats. FISH technique allows the quantitative description of environmental samples.
Introduction
Microorganisms in the water supply systems primarily dwell (95% of the total biomass) in the biofilm form. In water distribution systems, the space between the water and the pipe surface is the layer where organic matter is accumulated and microorganisms are settled. Then they multiplied to form biofilms. In this way, the environment for the organisms of different food preferences and oxygen is produced [1] .
Mature biofilm is a complex structure comparable to the ecosystem. Microorganisms are suspended in the extracellular polymers (EPS), and the exchange of matter and genes occurs through an extensive system of Casals [2] . First disadvantage is the possibility of detachement and transfer of portions of a microbial biofilm to other parts of the network. Further problem is the possibility of long-term survival or proliferation of pathogens (e.g. Legionella sp.) in the structures of the biofilm, among others, because of the limited penetration of disinfectant. The complexity of a mature structure provides protection against disinfectants therefore a potential source of pathogens. A commonly used chlorine disinfection greatly reduce pathogens in the water, but despite of this process their presence in water is still evident [3] . An important aspect is to stimulate destruction processes of metals by microorganisms colonizing the biofim, in particular by their metabolites. Products of metabolism are retained in the EPS layer, which can cause local changes in the physico-chemical properties of materials inhabited by bacteria [4] .
Relatively there is little information about the microorganisms biodiversity forming the biofilm in water distribution systems due to the difficult access to the samples. Observations based on laboratory models of distribution indicates that as the maturation of a biofilm, cell density is stabilizing, and the species diversity increases [5] . Premature biofilm surrounded by the EPS provides an excellent basis for the creation of multi-species biocenosis.The species composition of biological membranes is distinguished by a certain subclass of Proteobacteria, Actinobacteria, Firmicutes, Verrucomicrobia, Nitrospirae, Bacteriodetes whose existence depends on the material which made water supply network, the age of the biofilm and methods of disinfection. According to this it can be concluded that the biodiversity of bacteria in the biofilm can be resulted of biotic and abiotic factors in the drinking water distribution system [6] .
Traditional methods of assessing the microbiological quality of water are usually just the first step of identifying microorganisms, which directs further analyses using molecular biology methods.The introduction of molecular biology techniques in order to assess the species composition provides information about the biodiversity of organisms forming growths in water supply network. The limited access to the sampling area is a great difficulty. Each distribution system is diverse in terms of bacterial flora. Each water supply system is characterized by its own species composition of microorganisms, so it is not possible to draw general conclusions about the biodiversity of the biofilm [7, 8] . The use of molecular techniques based on the analysis of 16S rRNA/rDNA will provide information about microorganisms, where a standard water analysis do not. One of those methods may be fluorescence in situ hybridization (FISH), which is now widely used to identify bacteria in their natural habitat [9] .
The results of research concerning the formation of biofilm and their qualitative composition can be used in the selection of technical materials for the construction of various types of installations in contact with water and the design processes.
FISH method
FISH technique is based on hybridizing fluorescently labelled probe to ribosomal rRNA in permeabilized whole microbial cells. Probes are short DNA sequences (16-20 nucleotides) labelled with a fluorescent dye. These sequences are complementary to the 16S rRNA bacteria sequence in bacterial cells. Due to this method microorganisms may be located and identified [10] .
FISH analysis consists of the following steps: 1. fixation of biological material, 2. sample dehydration, 3. hybridization of the sample with a probe and washing, 4. microscopic observations, 5. bacteria identification and quantitation using advanced software [11] . Fig. 1 . Main steps of fluorescent in situ hybridization method [11, 12] .
The main advantage of the FISH method is direct microorganisms visualization using the microscopy. It has higher sensitivity than the quantitative polymerase chain reaction (PCR) and is not prone to false results e.g. due to contamination with small amounts of DNA. Additionally, with PCR methods one can measure the number of copies of specific genes (not the number of cells), which may differ significantly from the number of particular organisms [12] .
Probes
Microorganisms identification can be used by two probes: one characteristic of the group and second the specific. Simultaneous signal from two probes allows an assignment of the species and can eliminate misinterpretation. Examples of different probes are shown in Table 1 [13] .
Depending on the size and use of the fluorescent probe is divided into: 9 whole chromosome painting (WCP)-covering all the selected chromosome, or specific arm; probe covers an area from several to millions base pairs, 9 centromeric enumeration probes (CEP)-specific to individual chromosomes, enable to identify the centromere; they reach a size of tens to thousands base pairs, 9 locus specific identifier (LSI)-complementary to a specific region of a chromosome centromere probes, their size are tens of thousands of base pairs and are visible on both chromosomes as well as in interphase [15] . 
Methodology
A sample of the biofilm formed on the PCV material was fixed with 12% paraformaldehyde in buffered saline to give 4% as a final concentration of paraformaldehyde. Then it was incubated for 12 hours. The sample was concentrated on a filter with a 0.2 μm pore diameter. The filter was washed with 5ml of sterile water and dried. Then to drain the sample, a number of alcohol dilution (50%, 80%, 96%) was conducted [11, 14] .
A filter was placed on a glass slide and covered with 50μl of hybridization buffer (NaCl, Tris-HCl, EDTA, SDS, formamide, probe) amount of each ingredient was depended on the type of the probe (Table 2) . Incubation was conducted at 46 °C for 3 hours. Then it was incubated for 30 minutes with a washing solution at 48 °C (NaCl changing concentration, Tris-HCl, EDTA, SDS). In order to visualize all living microorganisms in a sample was stained aqueous DAPI (4',6-diamidyno-2-fenyloindol) solution. The observation was performed by fluorescence microscopy [11, 14] .
Probes sequences used to experiment are shown in Table 2 . 
Results
FISH method determines the total number of viable microorganisms in the test sample as well as a specific type or family of bacteria.
On the tested material bacteria with Actinobacteridae class-exhibited red color (8lighter areas), while Betaproteobacteria class showed-green color (10 lighter areas). All bacteria was shown using DAPI solution (25 blue lighter areas). 
Conclusion
Numerous microorganisms may be present in the water distribution system. This is associated with the imperfection of purification processes, or secondary water pollution. Not only it results in the deterioration of water quality parameters, but also increases threat of epidemiological problems.
FISH method can be used to visualize the microorganisms that cause problems in culture and also allows to know the structure of the phylogenetic groups in different habitats. The results of modern molecular methods often require more confirmation tests based on classical microbiology [18] .
